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PEC capability nodes

22 PEC 1 nodes



HydroGEN: Advanced Water Splitting Materials 3     

HydroGEN 2.0 PEC Goal and Approach

• Prioritize durability stressors and establish PEC 
device durability protocol 

• Use density functional theory (DFT) and 
microkinetic modeling to describe the local 
environment at the electrode/electrolyte interface 
under operation 

• Provide mechanistic understanding of PEC device 
degradation guided by theory and in operando 
characterization 

Comparison of the solar to hydrogen efficiency (STH) and 
lifetime H2 produced for unassisted water splitting devices. 
The “PEC Goal” point in the upper right was calculated 
assuming a 20% capacity factor and 10-year lifetime (Ben-
Naim et al., ACS Energy Lett. 2020, 5, 2631). 
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1 cm2 photocathode, dual anode cell with 
high modularity and ease of fabrication 
for STH quantification

HydroGEN 2.0 PEC Status
Photoelectrode Growth by Metal 
Organic Vapor Phase Epitaxy

Current status

Schematic of the III-V high efficiency 
photoelectrode

MOVPE at 620°C growth temperature

Photoelectrode Fabrication and Testing at NREL and LBNL

Chronoamperometry meets 
Y1 milestone (> 1% STH, > 10 h 

stability)

pH = 8, 0 bias, output current under 
AM1.5G

Current Density
5% STH

Chronoamperometry meets 
Go/NoGo (> 5% STH, > 80 h stability)

IP
CE

0.2cm2 electrode 
during a test

Fabricated 0.2cm2 
electrode for 
durability test

Durability and reproducibility  
with standard cuvette cell

Wavelength (nm)

Reproducibility achieved at both Labs
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HydroGEN 2.0 Benchmarking Paper

• Publication shares with PEC community best practices when measuring and reporting STH 
efficiency of new photoelectrodes and will improve the reproducibility of results across the field.

 “This is a great paper for the community, thank you for dedicating the time to 
 put this together, especially during this challenging historical time (pandemic)” 

–2023 attendee, Solar Fuels Gordon Conference
• Publication benchmarks a flow reactor for H2/O2 measurement, that any lab can produce from 

readily available materials using a CNC miller and 3D printer.
• 4098 views, 491 downloads, 10 mentions in news articles (4/10/2023)

Best Practices in PEC Water Splitting: How to Reliably Measure Solar-to-Hydrogen Efficiency of 
Photoelectrodes1

Reactor Validation: dark FE STH of III-V tandem at pH 0.4
1Front. Energy Res., 27 October 2022 Volume 10 - 2022 | https://doi.org/10.3389/fenrg.2022.884364
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Selected PEC publications: Seedlings and Capability Nodes

https://doi.org/10.1038/s41467-023-37754-9
https://doi.org/10.1021/acsenergylett.3c00654
https://doi.org/10.1038/s41467-023-39290-y
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https://doi.org/10.1039/D1MA00570G
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NREL collaboration with Jaramillo (Stanford)
NREL nodes provided III-V samples and hosted two 
Stanford graduate students for training on  outdoor 
photoreactor measurements 

NREL nodes provided III-V samples and cocatalysts surface modifications. 
Node experts also connected with another NREL group to perform 
transient photoreflectance spectroscopy to understand interfacial charge 
transfer at PEC electrodes.

NREL nodes provided III-V samples and 
surface modifications and contributed to 
round-robin durability study.
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LLNL collaboration w UCI/LLNL-LBNL collaboration w U. Hawaii

UCI seedling, ACS Appl. Mater. Interfaces, doi:10.11021/acsami.2c22865

UCI: size of nano-pore & selective permeation 

Higher barrier due to strong 
Fe(III)-water interaction

Hawaii: band alignment of CuInGaS2/CdS/SnO2 

Alloy phase diagram and possible band alignments  

Gaillard et al. Mater. Adv. 2, 5752 (2022) 
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LLNL-LBNL collaboration with U. Michigan on elucidating the 
origin of GaN performance

U Michigan seedling project on GaN supported by PEC capability nodes at LLNL, Nano Lett. 22, 2236 (2022)  

Improve hydrogen evolution reaction (HER) 
efficiency observed at the initial stage of 
experiment

The improvement of photocurrent is localized 
at the sidewalls, likely (1010) surface

The sidewall surface develops a composition 
similar to gallium oxynitride

DFT simulations show that alternating substitution of N with O at the 
first two layers of GaN(1010) surface provides the band-bending that 
facilitate charge transfer at the interface, which is consistent with 
improved HER activity of GaN(1010)

Nature Materials 20, 1130 (2021) 
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“Integrated halide perovskite photoelectrochemical cells with solar-driven water-splitting efficiency of 20.8%” Austin M. K. 
Fehr, Ayush Agrawal, Faiz Mandani, Christian L. Conrad, Qi Jiang, So Yeon Park, Olivia Alley, Bor Li, Siraj Sidhik, Isaac 
Metcalf, Christopher Botello, James L. Young, Jacky Even, Jean Christophe Blancon, Todd G. Deutsch, Kai Zhu, Steve 
Albrecht, Francesca M. Toma, Michael Wong & Aditya D. Mohite. Nature Communications volume 14, Article number: 3797 
(2023).

LBNL and NREL nodes advised Rice on photoreactor design and water oxidation 
catalysts. LBNL contributed to FE measurements and sent a photoreactor to Rice.

LBNL node performed durability measurements and advised seedling on testing 
protocol. NREL and LBNL nodes contributed to manuscript draft and revisions

Joint LBNL and NREL collaborations with seedlings
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Specific supports of Rice seedling by LBNL

• PEC device fabrication facility for design of cell to measure FE and STH (HydroGEN 2.0 cell developed in the 
supernode), and also for early sputter deposition of catalysts

• Laboratory PEC device testing for measurements of FE and STH prior to materials and expertise transfer of 
these methods to Rice

• SEM, XPS, ICPMS measurements for probing and mitigating corrosion
• Lead author of Nature Communications paper visited LBNL to continue learning cell design and perform 

measurements at LBNL’s facility

Pt/C catalyst measured at LBNL to have an average Faradaic 
efficiency to H2 of 98% +/- 2%. SEM at LBNL showed widespread delamination of an early 

catalyst/CAB post-testing

10 
um

Delaminated vs intact regions post-run
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Awards at FY2021 HFTO AMR

Hydrogen Technologies—Production
Aditya Mohite, William Marsh Rice University

This award is presented to Dr. Aditya Mohite of Rice University for achieving 
an integrated halide perovskite photoelectrochemical cell with record-setting 
solar-driven water-splitting efficiency of 20.8%. Mohite's system exhibited 
extended durability due to a novel graphite anticorrosion barrier that 
translates >99% of photoelectric power directly to hydrogen production. His 
work increasing the durability and efficiency of photoelectrochemical 
systems has led the way toward deployment of this renewable hydrogen 
production technology at scale.

https://www.hydrogen.energy.gov/annual-
review/annual_review22_awards.html

https://www.hydrogen.energy.gov/annual-review/annual_review22_awards.html
https://www.hydrogen.energy.gov/annual-review/annual_review22_awards.html
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Impact on field

The HydroGEN EMN data team led by NREL and LBNL worked together to make the 
first full database of all the data included in the Nature Materials paper with a related 
DOI

doi.org/10.17025/1764132, doi.org/10.17025/1764126, doi.org/10.17025/1764127
doi.org/10.17025/1764161, doi.org/10.17025/1764162, doi.org/10.17025/1764163
doi.org/10.17025/1764157, doi.org/10.17025/1764159, doi.org/10.17025/1764133
doi.org/10.17025/1764156, doi.org/10.17025/1764155, doi.org/10.17025/1764154
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Summary – impact of capability nodes “beyond the paper”

“My exposure to LBNL through seedlings opened the path for me 
to do further research on-site through the DOE SCGSR program, 
which was transformative for my career.”
--Austin Fehr

“…a pure mechanical engineering background person [such] as 
me who can work in the HydroGEN project and win the 
The Hydrogen and Fuel Cells Postdoctoral Recognition Award. 
This experience itself already explains how amazing this 
HydroGEN/LBL is, i.e., providing fair opportunities to all people 
and delivering the best research environment for them to 
succeed in science and technology.
--Guosong Zeng

“HydroGEN has uniquely enabled my professional development in 
many dimensions. It allowed me to expand my knowledge from 
basic to applied science, to establish new collaborations with the 
top scientists at different National Labs and in Academia, and to 
grow as a scientific leader.”
--Francesca Toma


